End-stage renal disease is a mounting public health with microalbuminuria.
diabetics [4, 5] . In both diabetic and nondiabetic persons, creatinine clearance; and blood pressure, weight, height, medihigh blood pressure is considered a determinant of the cal history, and smoking habit. Pulse pressure was calculated as systolic minus diastolic pressure. Isolated systolic hypertension onset of microalbuminuria [5] . In alignment with this was defined as systolic pressure Ն140 mm Hg in persons not on view, blood pressure reduction by antihypertensive drugs antihypertensive drugs and with diastolic pressure Ͻ90 mm Hg. lowers urinary albumin excretion and favors the control Microalbuminuria was defined as urinary albumin excretion of microalbuminuria [6, 7] . Ն20 g/min.
The idea of a continuous and graded relationship of
Results. Pulse pressure and isolated systolic hypertension were significantly related to urinary albumin excretion and the blood pressure to the onset and progression of renal damprevalence of microalbuminuria in univariate and multivariate age from the early to its ultimate stages may be supported analyses. Controlling for gender and other variables, the risk by an association between blood pressure and microalof microalbuminuria was 1.71 with a 15 mm Hg higher pulse buminuria. Such an association has been consistently pressure (95% CI, 1.31 to 2.22) and 4.95 in the presence of found in studies on hypertensive patients [8, 9] , but not isolated systolic hypertension (95% CI, 3.15 to 7.76).
Conclusions. In nondiabetic, middle-aged adults, pulse presin epidemiologic studies [10] [11] [12] . More recently, a strong sure and isolated systolic hypertension are directly related to relationship of systolic and diastolic pressures to microalmicroalbuminuria, independent of diastolic pressure and other buminuria was reported by an epidemiologic study based correlates.
on the use of urine ultrafiltration [13] . For years, diastolic pressure has been considered a more important measurement than systolic pressure for the development of the creatinine values. Laboratory procedures are described in a previous article [13] . Urinary albumin was measured by immunoturbidimetry; urinary samples were concenanalyses. Relative risks and 95% confidence intervals trated by ultrafiltration when the albumin concentration were calculated with exponentiation of logistic regreswas Ͻ7 g/mL.
sion coefficients and standard error (SE). Pulse pressure was calculated as systolic pressure minus diastolic pressure; mean pressure was defined as diastolic pressure plus one third of the pulse pressure. Hyper-RESULTS tension was defined as systolic pressure Ն140 mm Hg Descriptive statistics and/or diastolic pressure Ն90 mm Hg and/or antihyperDescriptive statistics by gender for blood pressure statensive drug treatment. Isolated systolic hypertension tus, antihypertensive drug treatment, urinary albumin was defined as systolic pressure Ն140 mm Hg in subjects excretion (nontransformed and logarithm transformed), not on antihypertensive drug treatment (untreated) and microalbuminuria, and creatinine clearance are shown with a diastolic pressure Ͻ90 mm Hg. Within the group in Table 1 . Other variables and descriptive statistics in on antihypertensive drug treatment (treated), controlled the present cohort have been previously reported [13] . hypertension was defined as systolic pressure Ͻ140 mm Hg Figure 1 shows the prevalence of isolated systolic hyperand diastolic pressure Ͻ90 mm Hg. Urinary albumin tension by gender and age stratum. excretion was expressed as g/min, and microalbuminuIn correlation analyses, significant coefficients (P Ͻ ria was defined as urinary albumin excretion Ն20 g/min.
0.001) were found between systolic and diastolic presUrinary albumin concentration and urinary albumin/cresures (men and women, r ϭ 0.645 and 0.704), between atinine ratio were not used in analysis, since the definisystolic and pulse pressures (r ϭ 0.841 and 0.860), betion of microalbuminuria on the basis of these indices is tween systolic and mean pressures (r ϭ 0.898 and 0.919), biased by the confounding influence of urine flow rate between diastolic and pulse pressures (r ϭ 0.130 and 0.242), and creatininuria [13, 26, 27] . Creatinine clearance per between diastolic and mean pressures (r ϭ 0.915 and 1.73 m 2 of body surface area was used as an index of the 0.927), and between pulse and mean pressures (r ϭ 0.518 glomerular filtration rate. and 0.588). Findings were similar with the exclusion of The urinary albumin excretion value was logarithm those on antihypertensive drug treatment (data not shown). transformed in linear regression analyses because it was positively skewed [13, 26] . To combine the smoker and Relationship of pulse pressure to urinary nonsmoker data in an analysis, the reported number of albumin excretion cigarettes per day was logarithm-transformed as preUnivariate analyses. The relationship of pulse presviously described [13, 24, 25] . Statistical procedures insure to logarithm-transformed urinary albumin excretion cluded simple correlation analysis, analysis of variance was significantly positive in linear regression analysis. (ANOVA), and chi-square analysis with tests for linearity, univariate and multivariate linear and logistic regression
The linear regression coefficient was 0.00184 for men (P ϭ 0.045) and 0.00286 for women (P Ͻ 0.001), and the differMultivariate analyses. The relationship of pulse pressure to logarithm-transformed urinary albumin excretion ence between men and women was not significant. In the analysis for men and women controlling for gender, was significantly positive in a multivariate model when it was controlled for age, body mass index, logarithmthe linear regression coefficient was 0.00240 (P Ͻ 0.001). Findings were similar when subjects on regular antihytransformed cigarettes per day, antihypertensive drug treatment, plasma cholesterol, glucose, and creatinine pertensive drug treatment were excluded (men and women combined with control for gender, 0.00294, P Ͻ clearance. The multivariate regression coefficient of pulse pressure to logarithm-transformed urinary albumin ex-0.001) and when those with a diastolic pressure of Ն90 mm Hg were excluded (0.00230, P Ͻ 0.001). Figure 2 cretion for men and women combined as well as controlling for gender was 0.00217 (P Ͻ 0.001). In this multivarishows the mean values of urinary albumin excretion and of creatinine clearance plotted over the mean of pulse ate model, coefficients for other variables were similar to our earlier report [13] . The multivariate regression pressure in quintiles of pulse pressure values. Pulse pressure was linearly related to urinary albumin excretion coefficient of pulse pressure to logarithm-transformed urinary albumin excretion also was significantly positive in both sexes, that is, the slope of the line was similar in men and women. No significant association was found with the exclusion of subjects on antihypertensive drug treatment (0.00262, P Ͻ 0.001) and excluding those with between pulse pressure and creatinine clearance. These findings were similar when those on antihypertensive a diastolic pressure Ն90 mm Hg (0.00187, P ϭ 0.006).
The multivariate regression coefficient of pulse pressure drug treatment were excluded (data not shown). 
Relationship of pulse pressure to microalbuminuria
Univariate analyses. The relationship of pulse pressure to microalbuminuria was either positive and significant or borderline significant in logistic regression analyses. The logistic regression coefficients were 0.0402 (P Ͻ 0.001) for men and 0.0220 (P ϭ 0.098) for women; the difference between men and women was not significant. In an analysis of men and women combined with a control for gender, the logistic regression coefficient was 0.0343 (P Ͻ 0.001). Coefficients were similar with exclu- people with a diastolic pressure Ն90 mm Hg (0.0381, P Ͻ 0.001). Figure 3 shows the prevalence of microalbuminuria plotted over the mean pulse pressure value in quintiles of pulse pressure. In both sexes, there was to logarithm-transformed urinary albumin excretion was a significant linear trend for the relationship of pulse significantly positive in an additional model with inclusion pressure and a prevalence of microalbuminuria, but of diastolic pressure among independent variables (0.00176, while the slope of the line was higher, it was not signifi-P ϭ 0.005). In this additional model, the coefficient of cantly different between men and women. Findings were diastolic pressure was significantly positive (0.00354, P Ͻ similar when persons on antihypertensive drug treatment 0.001). Systolic pressure and mean pressure were never were excluded (data not shown). included in the multivariate analyses together with pulse Multivariate analyses. The relationship of pulse prespressure, since they were high-order correlated with pulse sure to microalbuminuria was significantly positive in a pressure and thus unlike other variables. multivariate model with controls for age, body mass inTo investigate the role of renal function in the relationdex, logarithm-transformed cigarettes per day, antihyship between pulse pressure and urinary albumin excrepertensive drug treatment, plasma cholesterol, glucose, tion further, the multivariate linear regression coefficient and creatinine clearance. The multivariate logistic reof pulse pressure to logarithm-transformed urinary albugression coefficient of pulse pressure to microalbuminumin excretion was compared between the two subgroups ria for men and women combined with a control for with creatinine clearance values below the median and gender was 0.0356 (P Ͻ 0.001). Table 2 shows the relative above the median (men and women, 104.5 and 93.4 mL/ risk and 95% CI calculated with an exponentiation of min ϫ 1.73 m 2 ). Mean values of creatinine clearance for multivariate logistic coefficients of the pulse pressure the two subgroups were 77.9 and 127.5 mL/min ϫ 1.73 m 2 , values and other significant correlates of microalbuminurespectively (N ϭ 778 and 779). Controlling for gender ria. The multivariate logistic coefficient of pulse pressure and other variables, the multivariate linear regression to microalbuminuria also was significantly positive in coefficients of pulse pressure to logarithm-transformed analyses excluding subjects on antihypertensive drug urinary albumin excretion were not significantly different treatment (0.0447, P Ͻ 0.001) and excluding those with a diastolic pressure Ն90 mm Hg (0.0394, P Ͻ 0.001). between two subgroups (0.00189 and 0.00233). The multivariate logistic coefficient of pulse pressure to women combined, with a control for gender, age, body microalbuminuria was significantly positive in an addimass index, logarithm-transformed cigarettes per day, tional model, with the inclusion of diastolic pressure plasma cholesterol, glucose, and creatinine clearance, the among the independent variables (0.0295, P ϭ 0.001). In relative risk of microalbuminuria for untreated hypertenthis additional model, the coefficient of diastolic pressure sives with isolated systolic hypertension compared with was significantly positive (0.0543, P Ͻ 0.001). Systolic nonhypertensive subjects was 4.95 (95% CI, 3.15 to 7.76). pressure and mean pressure values were never included Findings were similar in an additional model with the in multivariate analyses together with pulse pressure, inclusion of diastolic pressure among the independent since they were high-order correlated with pulse presvariables (relative risk ϭ 5.11, 95% CI, 3.10 to 8.40). sure, unlike other variables.
DISCUSSION

Relationship of isolated systolic hypertension to urinary albumin excretion and microalbuminuria
This study reports the novel finding that in a population sample of nondiabetic, middle-aged men and women, Table 3 shows urinary albumin excretion and the prevpulse pressure and isolated systolic hypertension are dialence of microalbuminuria by blood pressure status.
rectly related to microalbuminuria, independent of sevUntreated hypertensives with isolated systolic hyperteneral other correlates. These findings were consistent with sion had a greater urinary albumin excretion and prevathe use of urinary albumin excretion, indicating that the lence of microalbuminuria compared with nonhypertenrelationship was not limited to the high range of urinary sives and treated hypertensives with controlled blood albumin excretion. In both sexes, the relationships of pressure. The difference was significant when compared pulse pressure to urinary albumin excretion and microalwith nonhypertensives. Within the group of untreated hybuminuria were linear over the range of pulse pressures, pertensive subjects, persons with isolated systolic hyperand were significant not only from a statistical viewpoint. tension and persons with diastolic pressure Ն90 mm Hg
The risk of microalbuminuria differed by about 70% for had similar urinary albumin excretion rates and a similar a difference of one standard deviation in pulse pressure prevalence of microalbuminuria in the presence of sigand of about five times in the presence of isolated systolic nificant differences for diastolic, pulse, and mean preshypertension. Findings were not significantly different sure. Creatinine clearance was not significantly different between sexes. However, men tended to have a higher between nonhypertensives and hypertensives, indepenslope than women for the relationship between pulse dent of blood pressure status and of antihypertensive pressure and microalbuminuria, in contrast to both gendrug treatment. Findings were similar in analyses for ders having a similar slope for the relationship between men and women separately and with a control for other pulse pressure and urinary albumin excretion. This convariables (data not shown).
In the multivariate logistical analysis for men and trast indicated the existence of few "outliers," that is, men with high pulse pressure and microalbuminuria valThe present data might also have practical implications. Several epidemiological and clinical studies report ues or women with high pulse pressure and no microalbuminuria. These few cases could not influence data on that high pulse pressure and isolated systolic hypertenurinary albumin excretion because of their low relative sion are associated with signs of target organ damage weight in statistical analyses, and they were apparent and cardiovascular disease in the presence of low-normal only in analyses focused on the low percentage of individdiastolic pressure [30] [31] [32] [33] [34] [35] [36] [37] . The present study shows that uals with microalbuminuria. Theoretically, they could this is also true for the kidney. In fact, nondiabetic perreflect a limited precision of curve fitting for microalbumsons with isolated systolic hypertension had urinary albuinuria or a subgroup with a real difference in the relationmin excretion rates and a prevalence of microalbuminuship between pulse pressure and microalbuminuria. For ria as high as the untreated hypertensive subjects with being gender associated, this difference could be exdiastolic pressure values Ն90 mm Hg, despite lower valplained by genetic and/or environmental factors that may ues of diastolic pressure and mean pressure. Thus, nondibe differently prevalent in the two sexes.
abetic persons with isolated systolic hypertension are at The use of a single measure of urinary albumin, blood a high risk of microalbuminuria, which is considered to pressure and other variables likely resulted in a limited be the renal manifestation of vascular disease [5] . The precision of the classification of individuals, and thus in data support the concept that to prevent, to delay, and a regression dilution bias. Antihypertensive treatment to control the vascular damage, microalbuminuria should might have attenuated the strength of the relationships; be searched for in persons with a moderate elevation in fact, coefficients of pulse pressure tended to be higher in systolic pressure isolated from a parallel increase in in the analyses without the inclusion of treated hypertendiastolic pressure. The data should be extrapolated causive subjects than for the entire cohort. For gender, smoktiously to other populations with a different age and ing, plasma cholesterol, and body mass index, the present ethnicity. The possibility that microalbuminuria in nondata show that the associations of these factors with diabetics also could be a risk factor for renal failure is microalbuminuria are also independent of pulse presonly speculative at present. However, the cross sectional sure. Moreover, the study reports the novel observation association between isolated systolic hypertension and that creatinine clearance, used as an index of glomerular signs of early glomerular damage is in keeping with the filtration, was not related to pulse pressure, nor was it longitudinal association between isolated systolic hyperaltered in the presence of isolated systolic hypertension.
tension and the long-term incidence of end-stage renal A cross sectional relationship of blood pressure to disease. Altogether these different observations further urinary albumin excretion could reflect several mechasupport the idea that systolic hypertension must be cornisms, not necessarily alternative. An influence of urirected to slow the progression of renal damage from the nary albumin excretion on pulse pressure mediated via early to ultimate stages [38] [39] [40] . renal dysfunction seems unlikely. Findings for pulse presIn summary, our study reports the novel finding of a sure were statistically independent of creatinine clearrelationship of pulse pressure to urinary albumin excreance and were similar in the two subgroups, with a differtion and microalbuminuria, independent of diastolic presence in creatinine clearance of about 50 mL/min. An sure and other traits related to these variables. On the influence of pulse pressure on urinary albumin excretion basis of the present findings, the old belief of focusing appears to be a reasonable pathogenic mechanism, since attention on diastolic pressure more than on systolic pressystemic blood pressure affects the escape of albumin sure should be considered incorrect in terms of it providfrom the renal glomerulus unless a preglomerular vasoing renal protection from microalbuminuria secondary to constriction protects the glomerular filter. Studies of reblood pressure elevation. The simple evaluation of dianal hemodynamics in isolated systolic hypertension are stolic pressure may indeed underestimate the renal imnot available. In clinically defined hypertension and in pairment secondary to changes in systemic blood pressure. persons at risk of hypertension, renal hemodynamics are characterized by a postglomerular vasoconstriction, ACKNOWLEDGMENTS which maintains glomerular filtration in the normal range 
